Introduction {#sec1-1}
============

Inflammatory bowel disease (IBD) is characterized by chronic immune activation and inflammation within the gastrointestinal (GI) tract periods of acute inflammation and remission. Crohn's disease (CD) and ulcerative colitis (UC) are the two main phenotypes of IBD. Considerable knowledge concerning IBD is revealed in recent years. However, the pathogenesis of IBD remains incompletely understood. What we do know so far is that a complex interplay among genetic, environmental, microbial and immune factors is involved. Patients experience cramping, fecal urgency, diarrhea, abdominal pain and weight loss. IBD or GI inflammation is well known to affect GI functions, including motility, secretion, absorption, the intestinal barrier function, and sensation.^[@ref1]^

GI functions are controlled by the autonomic nervous system, including the enteric nervous system (ENS). The ENS consists of all neurons present within the wall of the GI tract, and is divided into two major ganglionated plexuses, the myenteric and submucous plexus. The ENS contains a diverse set of functional neuron types, including sensory neurons, interneurons and motor neurons, synaptically linked to each other in microcircuits.^[@ref5]^ Results of previous studies in animal models and patients have revealed that inflammation causes structural and architectural changes, including neurodegeneration, in enteric ganglia and plexuses, and modifies the expression of neurotransmitters, neuropeptides and receptors in the ENS.^[@ref1]^

Although animal models of colitis do not exactly mimic IBD in man, much data concerning the pathophysiology of IBD has been acquired by using 2,4,6-trinitrobenzene sulphonic acid (TNBS)-induced colitis in animals.^[@ref1],[@ref6]^ In recent years, zebrafish have been increasingly used for unraveling of human disease patterns - including that of IBD.^[@ref7],[@ref8]^ Zebrafish have some unique features as a model organism, *e.g.*, large numbers of offspring, lower maintenance costs, a completely sequenced genome, the availability of numerous genetic tools, an easy to control environment and the presence of innate and adaptive immune responses.^[@ref9],[@ref10]^ Chemical-based experiments of colitis induction similar to those in mice have been performed in larval and adult zebrafish, using immersion, oral microgavage, or intrarectal administration.^[@ref11]^ Subsequent immunological response, genetic factors and environmental factors seem to be comparable to those observed in mammalian animal models for enterocolitis.^[@ref12]^ These studies indicate that the induction of enterocolitis is dependent on a specific microbial environment and that each laboratory has to optimize its own TNBS model.^[@ref7]^ The present study focuses on the effect of TNBSinduced colitis on the ENS in adult zebrafish. Changes within distinct enteric neuronal populations are believed to be associated with the altered neuro-immune interactions and GI motility and even with the pathogenesis of IBD. A better insight into the neuroplasticity will be instrumental in finding appropriate therapeutic treatments. ^[@ref1],[@ref15]^

The zebrafish intestine has only a non-ganglionated myenteric plexus of dispersed enteric neurons and no submucosal plexus.^[@ref18]^ Zebrafish lack a stomach, but the proximal intestine (PI) serves as a site for storage and mixing of food.^[@ref18],[@ref19]^ Next is the mid-intestine (MI) which contains mucin-producing goblet cells and enterocytes, and primarily functions in nutrient absorption. The distal portion of the MI contains some specialized enterocytes assumed to play a role in intestinal immunity.^[@ref18]^ The architecture of the short distal intestine (DI) suggests a role analogous to the colon in mammals. ^[@ref19],[@ref20]^ Previous studies have shown the presence of different neuronal subpopulations in the adult zebrafish intestine, which may be grouped into three populations: serotonergic, cholinergic and nitrergic neurons.^[@ref21],[@ref22]^

The aims of the present study were to optimize the adult TNBS-induced colitis model for our laboratory conditions, by determining the optimal dose and acute phase of inflammation, and to investigate putative neuronal changes of the major enteric populations present in the zebrafish intestine.

Materials and Methods {#sec1-2}
=====================

Fish stock {#sec2-1}
----------

Adult zebrafish were bred and kept at the Laboratory of Human Anatomy and Embryology, University of Antwerp (LA1100125). Zebrafish maintenance and breeding were performed as previously described.^[@ref23],[@ref24]^ Briefly, the animals were kept in colonies in aerated fresh water at 26-28.5°C in a 14/10 h light/dark cycle. The water was continuously filtered, both chemically and biologically. Fish were daily fed with commercial aquarium fish food. All experimental procedures were approved by the ethical committee of the University of Antwerp (ECD2012-67). A pain-scoring system was set up to measure the discomfort of the fish. These scores ranged from P0 (= no pain, normal behavior and eating habits), P1 (= limited discomfort, normal to slightly agitated swimming behavior and sometimes a change in color to orange), P2 (= moderate discomfort, agitated or slightly lethargic swimming behavior, decreased appetite, possible change of color to orange and possible increased movement of the gills) to P3 (= severe discomfort, very agitated swimming behavior or very lethargic, refusing food, pale color, very fast gill movement).

Induction of enterocolitis in adult zebrafish {#sec2-2}
---------------------------------------------

Female zebrafish (6-8 months) were anesthetized in 0.016% MS222 (ethyl-m-aminobenzoate methanesulphonate; Western Chemical Inc., Ferndale, WA, USA) for 3 min, weighed, measured and placed on a wet tissue. The belly was gently squeezed to enhance the visualization of the rectal opening. The fish were rectally injected with the appropriate volume (10 μL/g body weight), using a flexible Eppendorf GELoader tip (Eppendorf AG, Hamburg, Germany) with an outer diameter of 0.3 mm. To assess the optimal dose, the fish were injected with different concentrations of TNBS (Sigma-Aldrich Corp., St. Louis, MO, USA): 5 mM, 40 mM, 80 mM, 160 mM, 320 mM and 640 mM dissolved in 25% ethanol, and subsequently placed separately in well aerated stand-alone tanks for individual observation and survival analysis. Control groups included a vehicle group, receiving only 25% ethanol (10 μL/g body weight), and a handling group (control), receiving only the operational procedure. Each experimental group in this part of the study always comprised 15 adult zebrafish, while both control groups contained each 5 animals.

After 6 h, zebrafish were euthanized in 0.04% MS222, decapitated and the GI tract was dissected in block. The intestines were fixed overnight in 4% paraformaldehyde (PFA) in 10 mM phosphate- buffered saline (PBS; pH 7.4) and, after rinsing in PBS, further processed for embedding in paraffin. Serial sections of 7 μm were made of the posterior part of the MI and the DI on a HM340E microtome (Microm, Walldorf, Germany). It was previously demonstrated that the posterior part of the GI tract of the adult zebrafish is affected in chemical-based induction of enterocolitis.^[@ref13]^ The sections were alternately processed for a standard hematoxylin and eosin (H&E) staining to visualize the general morphology of the intestinal wall, or for an Alcian blue/periodic acid Schiff (PAS) reaction to detect mucus-producing goblet cells and infiltrating eosinophilic granulocytes. Each analyzed section was photographed using an Olympus DP70 camera (Olympus Belgium NV, Aartselaar, Belgium). Four different parameters were examined: thickness of the intestinal wall, epithelial fold architecture, number of goblet cells and infiltration of eosinophilic granulocytes. ^[@ref13]^ The pictures were analyzed using Image J (NIH, Bethesda, MD). The thickness of the intestinal wall was measured in 12 sections per fish. The means (in μm) were calculated and subdivided depending on their thickening, ranging from 0 up to 2 (0 = no thickening, ≤75 μm; 1 = moderate thickening, 75-95 μm; 2 = severe thickening, ≥95 μm). The architectural appearance of the epithelial folds was rated in 12 sections per animal according to three categories: 0 (normal appearance), 1 (slight disruption) or 2 (severe disruption: increased interfold distance, and disruption of epithelial integrity). The number of goblet cells were counted on 16 sections per fish (1 frame/section: surface area of a frame: 0.13 mm^[@ref2]^). The means were calculated and a score was assigned: 0 = ≥15 goblet cells; 1 = between 10 and 15 goblet cells; and 2 = ≤10 goblet cells. On the same frames, the infiltration of eosinophilic granulocytes was counted according to the following scoring system: 0= hardly any eosinophilic granulocytes present; 1 = moderate infiltration; 2 = severe infiltration, characterized by clusters of filtrating cells. The sum of the four scores ranging from 0 to 8, yielded an overall enterocolitis score, with 0 to 2 indicating no inflammation, 3 to 5 moderate inflammation, and 6 to 8 severe inflammation. To determine the acute phase of inflammation, zebrafish were injected the optimal dose of TNBS and euthanized after 3, 6 and 14 h, 1, 3 and 7 days. The intestines were dissected out and processed for paraffin sectioning and staining as described above. Each experimental and control group in this part, contained 5 adult zebrafish.

Neuronal populations {#sec2-3}
--------------------

To identify possible shifts in the neuronal population, wholemount intestinal preparations were made at the acute phase of inflammation. Therefore, the intestine was opened along the mesenteric border and pinned out in a Sylgard-lined Petri dish filled with 4% PFA in PBS for 2 h at room temperature. After fixation, the whole mounts were thoroughly washed in PBS, and further processed for optimal immunostaining as previously described.^[@ref21],[@ref22]^ Briefly, after rinsing in PBS, the whole mounts were incubated for 1 h in PBS containing 0.05% thimerosal. Next, after washing in PBS, they were immersed for 30 minutes in PBS containing 0.1% NaBH^[@ref3]^CN and rinsed in PBS. Double immunostainings on the whole mount preparations were carried out at room temperature as previously described.^[@ref21],[@ref22]^ The primary and secondary antibodies used, are listed in [Table 1](#table001){ref-type="table"}.

After embedding of the whole mounts, images were taken with a fluorescence microscope equipped with an Olympus DP70 camera. To study the effect of enterocolitis on the enteric neuronal populations, we used for each population 5 animals, while both control groups contained 3 animals. The intestine was arbitrarily separated into three parts, as previously described: PI, MI, and DI. In every part, 10 randomly chosen regions were photographed and the cells were manually counted as previously described.^[@ref21],[@ref22]^ For quantification, the immunoreactive cell bodies were counted per visual frame (8.2x10^4^ μm^[@ref2]^). All statistical tests were performed using IBM SPSS Statistics 20 (IBM, Armonk, NY, USA). The results were analyzed by ANOVA, followed by a Tukey post-hoc test, when appropriate. Significance was assumed at P\<0.05. Confocal images were taken with a PerkinElmer UltraVIEW Vox spinning disk confocal system using 488 and 561 nm lasers.

Results {#sec1-3}
=======

Dose response {#sec2-4}
-------------

Different TNBS concentrations were tested to find the optimal dose for further experiments. Fish receiving doses from 5 up to 160 mM did not die (cut-off 6 h) and did not show severe discomfort. However, using higher TNBS concentrations, we observed that 73% of the fish receiving 320 mM TNBS survived, while only 55% and 25% of the fish, receiving 480 mM and 640 mM TNBS, respectively, survived ([Figure 1](#fig001){ref-type="fig"}). The fish injected with 480 mM and 640 mM TNBS suffered from severe pain and further experiments using these doses were excluded from the study. Furthermore, no high pain scores nor death were observed in both control groups.

Scoring the different histological sections of the samples collected 6 h post-induction (hpi) revealed a moderate inflammation for the concentrations 40, 80 and 160 mM, while the injection of 320 mM TNBS resulted in a severe inflammation ([Figure 2](#fig002){ref-type="fig"}). Inflammation caused a thickening of the intestinal wall, disruption of the epithelial architecture, a decrease in the number of goblet cells and an increased infiltration of eosinophilic granulocytes ([Figure 3](#fig003){ref-type="fig"}). The zebrafish of the control and vehicle groups did not show any sign of inflammation.

Interestingly, after euthanasia during removal of the intestine, we observed that the gallbladder was bright green in the control and vehicle group, while it changed to dark green in the zebrafish injected with 40 mM and 80 mM TNBS, and brownish in the zebrafish injected with 160 mM and 320 mM TNBS.

###### 

List of primary and secondary antibodies, and their respective dilutions used for immunohistochemistry.

  Primary antibodies Antigen             Host     Dilution   Source
  -------------------------------------- -------- ---------- ----------------------------------------------------------
  5-HT; serotonin                        Rabbit   1/10 000   Immunostar Inc, Hudson, WI, USA (20080)
  ChAT; choline acetyltransferase        Goat     1/100      Chemicon, Temecula, CA, USA (AB114P)
  Hu; Neuron-specific protein            Mouse    1/500      Molecular probes Inc, OR, USA, (A-21271)
  nNOS; neuronal nitric oxide synthase   Rabbit   1/100      Santa Cruz Biotechnology, Santa Cruz, CA, USA (sc-1025)
  Secondary antibodies Complex                    Dilution   Company
  Donkey anti-rabbit Cy3                          1/800      Jackson Immunoresearch Laboratories, West Grove, OR, USA
  Donkey anti-mouse DL488                         1/200      Jackson Immunoresearch Laboratories
  Donkey anti-goat Cy3                            1/800      Jackson Immunoresearch Laboratories

Time response {#sec2-5}
-------------

To assess the acute phase of inflammation, the same experiment was repeated. Fish were rectally injected with a dose of 320 mM TNBS dissolved in 25% ethanol, and were sacrificed at 3, 6 and 14 hpi, 1, 3 and 7 days post-induction (dpi). Histological scoring revealed a very quick response to TNBS ([Figure 4](#fig004){ref-type="fig"}). By 3 hpi, severe signs of inflammation were observed (score = 6). The peak of inflammation was reached at 6 hpi (score = 8). At 14 hpi, the inflammatory score declined (score = 6). At 1 dpi, only a moderate inflammation was observed (score = 4) and at 3 dpi the inflammatory score decreased to baseline with a complete recovery at 7 dpi.

Neuronal subpopulations {#sec2-6}
-----------------------

The effect of TNBS-induced colitis on the three enteric neuronal populations was assessed at the peak of inflammation (dose of 320 mM at 6 hpi). In both inflamed and in non-inflamed intestines, the neuronal density increased from the oral to the aboral side of the intestine, but no significant change in neuronal density was observed when both intestinal tissues were compared ([Figure 6A](#fig006){ref-type="fig"}). The proportional distribution of nitrergic neurons did not show any changes either between inflamed and non-inflamed conditions ([Figure 5 A](#fig005){ref-type="fig"},[B](#fig005){ref-type="fig"}, and [6B](#fig006){ref-type="fig"}) (control: PI 23.6±1.2%; MI 23.3±2.7%; DI 22.3±1.6%; overall 23.07±1.8% // TNBS: PI 24.1±2.1%; MI 22.91±2.1%; DI 24.05±2.8%; overall 23.7±1.9%), while the cholinergic and serotonergic neuronal proportions showed some changes. The proportion of serotonergic neurons in both controls and TNBS-treated fish decreased along the length of the intestine ([Figures 5 C](#fig005){ref-type="fig"},[D](#fig005){ref-type="fig"} and [6C](#fig006){ref-type="fig"}). Upon comparison, TNBStreated fish showed increased proportions of serotonergic neurons in each intestinal part (control: PI 23.6±2.5%; MI 18.4±3.0%; DI 11.5±1.9%; overall 17.8±3.1% // TNBS: PI 28.6±2.6%; MI 23.2±1.4%; DI 18.4±1.6%; overall 23.4±1.3%). In the control samples, the overall proportion of cholinergic neurons was 39.3±3.1% and did not show any differences between the different intestinal regions. The TNBS-treated animals however, displayed a decreased proportion of cholinergic neurons in the DI (control: 38.48±4.6% // TNBS: 21.95±2.5%) ([Figure 5 E](#fig005){ref-type="fig"},[F](#fig005){ref-type="fig"} and [6D](#fig006){ref-type="fig"}).

![Survival rates per group of fish for the different doses of TNBS administered. Fish receiving doses up to 160 mM survived. Administration of higher doses (from 320 mM to 640 mM) proved inversely proportional to the survival rate.](ejh-64-3-3161-g001){#fig001}

![Dose responses for the different experimental groups revealing no inflammation (inflammatory scores 0 to 2) for the control or vehicle group, moderate inflammation (scores 3 to 5) for groups receiving concentrations 40, 80 and 160 mM TNBS, and severe inflammation (score from 6 to 8) for animals injected with 320 mM TNBS.](ejh-64-3-3161-g002){#fig002}

Discussion {#sec1-4}
==========

Building on experiments and recommendations concerning chemically induced enterocolitis in zebrafish,^[@ref7],[@ref11],[@ref25]^ we optimized a zebrafish model of TNBS-induced enterocolitis after having determined the optimal dose of TNBS (320 mM) and time (6 h) to induce the acute phase of inflammation. This model was used to examine the effect of enterocolitis on the ENS, during the acute phase of inflammation. No effects were observed on the neuronal density in the different parts of the GI wall or on the proportional distribution of the nitrergic enteric neuronal population. However, enterocolitis led to an increase in the proportion of serotonergic neurons over the entire intestine, as well as to a decrease in the proportion of cholinergic neurons in the distal part of the intestine.

A scoring system was used to evaluate the degree of inflammation as previously described in mammalian and zebrafish models for GI inflammation.^[@ref13],[@ref26],[@ref27]^ Our observation of a decreased number of goblet cells at the acute phase of enterocolitis, is in line with studies showing decreased numbers and even depletion of goblet cells in genetic and chemical enterocolitis models in zebrafish,^[@ref13],[@ref28],[@ref29]^ but is not consistent with the results of a previous TNBS studies showing no changes,^[@ref12],[@ref14]^ or increased numbers of goblet cells.^[@ref30]^ In mammals, data on goblet cell depletion are not unequivocal either, with reports of either unchanged or decreased numbers of goblet cells.^[@ref26],[@ref27],[@ref31]^ In line with previous work in adult zebrafish, we observed, at the acute phase of enterocolitis, thickening of the intestinal wall, epithelial disruption and infiltration of eosinophils.^[@ref12],[@ref13]^ These phenomena were also demonstrated in rodent models at the acute phase of TNBS-induced colitis.^[@ref26],[@ref34]^ IBD studies in man equally reported on thickening of the intestinal wall and a disrupted epithelial architecture.^[@ref35],[@ref36]^ In man, the number of eosinophils and their *in situ* activation increased in the acute rather than in the chronic phase of IBD, suggesting a pivotal role for these granulocytes in the observed pathological symptoms.^[@ref37]^

![Histological images of the intestine stained with H&E (A, B, C) and Alcian blue/PAS (D,E,F). H&E staining is used to visualize the general morphology (thickness of the intestinal wall and epithelial fold architecture), while PAS staining enables the detection of mucus producing goblet cells and infiltrating eosinophils. These images comprise cases with no inflammation (score 0 to 2) (A,D), moderate inflammation (score 3 to 5) (B,E) and severe inflammation (score 6 to 8) (C,F).](ejh-64-3-3161-g003){#fig003}

![Time-response curve. The curve depicts the inflammatory scores (from 0 to 8) at different points in time after induction (3 h up to 1 week). The peak of inflammation was reached 6 h after induction.](ejh-64-3-3161-g004){#fig004}

Data obtained from previous studies in IBD patients and animal models of intestinal inflammation point to a role of enteric neuroplasticity in symptom generation in IBD.^[@ref1]^ This is the first study reporting on neuroplasticity in the ENS of the zebrafish, induced by inflammation. A shift in the neurochemical coding of enteric neuronal populations was observed. Among the factors that may have a profound effect on the GI motility and inflammatory responses are an increased proportion of serotonergic neurons over the entire intestine, a decreased proportion of cholinergic neurons in the DI and an unaltered nitrergic population.

The GI tract is the main producer of serotonin (5-HT), *i.e.*, 90-95% of total body 5-HT, in vertebrates. This multifunctional bioamine is mainly produced by enterochromaffin (EC) cells, a major subset of mucosal enteroendocrine cells. A small extent of 5- HT is produced by enteric neurons, which are sparse in the mammalian GI tract. In vertebrates, 5-HT acts through membrane receptors of which seven subfamilies are currently known.^[@ref38],[@ref39]^ Several studies support the concept of mucosal 5-HT as a proinflammatory mediator in the immune response following GI inflammation, while neuronal 5-HT has neurogenerative and neuroprotective properties.^[@ref40]^ One study has reported an increased 5- HT expression in the myenteric plexus of CD patients.^[@ref15]^ However, 5-HT-producing EC cells are lacking in the GI epithelium of some teleost species (*e.g*., goldfish), in which 5-HT is exclusively synthesized by intrinsic enteric neurons.^[@ref41],[@ref42]^ In the zebrafish, EC cells producing 5-HT are only present in the distal part of the MI and in the DI (*own unpublished data*). In various animal models of GI inflammation, an increase in EC cell numbers and mucosal 5-HT content as well as a reduced expression of the selective 5-HT reuptake transporter (SERT), as such extending the actions of 5-HT in the GI wall, were observed. In IBD patients, similar changes were observed, although decreased SERT activity was only found in UC patients.^[@ref40],[@ref49]^ In teleosts, 5-HT causes contraction of the GI tract.^[@ref42]^ Studies in several species, including zebrafish, have shown that the action of 5-HT on GI smooth muscle is indirect.^[@ref42]^ In goldfish, neuronal 5-HT regulates GI motility through cholinergic neurons, and also regulates epithelial functions.^[@ref42],[@ref46]^ However in tilapia, 5-HT acts directly on GI smooth muscle causing relaxation of the GI wall.^[@ref42]^ Furthermore, it has been reported in teleosts that the serotonergic neuronal population includes a sensory population. ^[@ref45]^ In zebrafish, 18% of the enteric neurons are serotonergic.^[@ref21]^ Our results revealed an increased expression of 5-HT due to TNBS-induced colitis in the zebrafish intestine, which is similar to observations in animal models and IBD patients. It is suggested that in the zebrafish intestine, neuronal 5-HT will affect motility, mucosal functions and inflammatory responses during GI inflammation.

In the mammalian GI tract, the neurotransmitter acetylcholine (ACh) is mainly expressed in excitatory motor neurons, but also in diverse interneurons and intestinofugal neurons.^[@ref3]^ In the rectum of CD patients, the proportion of cholinergic neurons was not affected, although all nitrergic neurons expressed choline acetyltransferase in comparison with tissue obtained from control persons.^[@ref50]^ Furthermore, in UC patients, the proportion of cholinergic neurons remained unaltered in the myenteric plexus of the inflamed colon, although more cholinergic neurons expressed substance P. This remodeling of cholinergic myenteric neurons has been suggested to be part of the neuronal basis underlying the motility disturbances observed in UC patients.^[@ref51]^ In rats, TNBS-induced colitis resulted in loss of cholinergic neurons in the myenteric plexus of the inflamed colon, although the proportion of cholinergic neurons was not changed.^[@ref52]^ In teleosts, little is known about the cholinergic control of gut motility. In Atlantic cod and rainbow trout, ACh is involved in distension-induced reflex contractions of the stomach. ^[@ref45]^ Pharmacological studies in zebrafish embryos and larvae demonstrated that ACh release modulates gut motility.^[@ref53],[@ref54]^ *In vitro* studies in goldfish and Atlantic cod showed that ACh induces GI contractions.^[@ref43],[@ref44],[@ref47],[@ref55],[@ref56]^ Our results did not show any changes in the proportion of cholinergic neurons in the PI or MI of the adult zebrafish; only in the inflamed DI was a decrease detected, pointing to reduced contractility in the DI.

The gasotransmitter nitric oxide is predominantly produced in descending inhibitory motor neurons, but also in descending interneurons in the mammalian GI tract.^[@ref5]^ In IBD patients, increased production of NO, due to an overexpression of inducible NOS by intestinal epithelial cells and by an increased proportion of nitrergic enteric neurons, has been reported.^[@ref15],[@ref57]^ However, one study reported similar numbers of nitrergic neurons between controls and CD patients, but this was observed in the submucosal plexus of rectal biopsies.^[@ref42]^ The results of TNBS-induced colitis studies in rats are contradictory. No changes in the proportion of nitrergic neurons were observed in some studies, while others reported a decline in the nitrergic enteric population.^[@ref52],[@ref62]^ Physiological studies in embryos and larvae of zebrafish, and in adult Atlantic cod, revealed that nitric oxide reduces basal tension and contraction amplitude.^[@ref44],[@ref55],[@ref56],[@ref63]^ Our results did not reveal any alterations in the nitrergic population, leading us to conclude that the inflammation caused no effect on the inhibitory component of intestinal motility in the zebrafish,

![Merged confocal images showing the co-expression of the pan-neuronal marker Hu with the different neurochemical markers of interest for whole mount preparations of the DI for control (A,C,E) and TNBS-treated (B,D,F) zebrafish. Double immunolabelling for nitrergic neurons (A,B) did not reveal any differences between controls and TNBS-treated animals, whereas an increase in the proportion of serotonergic (C-D) and a decrease in the proportion of cholinergic neurons (E,F) was seen in the DI of TNBS-treated animals compared to controls.](ejh-64-3-3161-g005){#fig005}

![Graphs representing the quantitative results. A) Mean number of neurons (±SEM) in the different intestinal regions per square millimeter. The graph shows increased neuronal numbers toward the DI, but no differences in neuronal numbers between controls and TNBS treated zebrafish. (B-D) Mean percentages of the different neuronal subpopulations (±SEM) for the nitrergic (B), serotonergic (C) and cholinergic neuronal proportions (D) in different intestinal regions, i.e. the proximal (PI), mid (MI) and distal (DI) intestine. Also, the overall mean of the entire intestine is represented. White bars refer to data in non-inflamed (CNTL) and grey bars in inflamed (TNBS) zebrafish intestine. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001, \*\*\*\*P\<0.0001.](ejh-64-3-3161-g006){#fig006}

In conclusion, the present study described a method of chemically induced colitis in the DI of the adult zebrafish. At the acute phase, the inflammation was accompanied by an imbalance in neuronal content comparable to neuronal changes observed in IBD patients and in experimental mammalian models. Alongside with its versatile properties and the available genetic tools, makes this zebrafish model an excellent resource to unravel mechanisms in IBD pathology and to test new IBD therapies.
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